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(54) RADIO COMMUNICATION DEVICE AND METHOD 



(57) The radio communication apparatus of the 
present invention tolerates a reduction in the transmis- 
sion efficiency of the uplink channel with light load and 
sends the channel condition report information of the 
downlink channel with heavy load to the communication 
terminal as a feedback signal. White the radio channel 
condition of the downlink channel is poor, data transmis- 



sion is temporarily delayed according to this channel 
condition report information. This prevents unnecessary 
retransmissions and alleviates contention of channels. 
Data transmission is restarted when the normal channi 
condition of the transmission path is restored. 
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Description 

Technical Field 

[0001] The present invention relates to an appara- 
tus and method for radio communications, especially 
those suitable for high data rate multimedia communica- 
tions. 

Background Art 

[0002] A conventional radio communication system 
is used mainly to accommodate symmetric traffic and 
there are two kinds of system: FDD (Frequency Division 
Duplex) and TDD (Time Division Duplex). 
[0003] FIG.1 is a schematic diagram showing a 
conventional system configuration. A mobile station, 
which is a communication terminal, and bass station 
both comprise an independent transmission/reception 
apparatus respectively. Information data input from the 
base station side is sent using downlink channel 5 from 
data transmission section 4 of the base station. This 
information data Is received by data reception section 6 
of the mobile station and transferred to the data recep- 
tion terminal. 

[0004] On the other hand, data input by tiie user on 
the mobile station side is transmitted from data trans- 
mission section 1 to the base station side using uplink 
channel 2. This data is received by data reception sec- 
tion 3 of tiie base station and sent to the upstream side 
of the base station. Here, no transmission control is per- 
formed over either the uplink or downlink. 
[0005] The conventional system is explained using 
FIQ.2. In tiie FDD system, the uplink channel and down- 
link channel use different bands 1 1 and 12 as shown in 
FIQ.2A. On the other hand, in the TDD system, the 
uplink channel and downlink channel use same fre- 
quency band 13 as shown in F1G.2B having channel 
configuration 14, which is divided into slots on the time 
scale. In either system, no data transmission control 
and accommodation measures of asymmetric traffic are 
taken under the fading conditions. 
[0006] For a high-speed radio data communication 
system, efficient transmission in a fading environment is 
the most important Issue. In the fade duration, consecu- 
tive block errors occur witii a burst. Even if tiie data is 
transmitted, it result only in retransmission, which seri- 
ously deteriorates tiie efficiency Moreover, asymmetric 
traffic is anticipated due to accesses to/from servers 
and tiie Internet, multicast or broadcast services in the 
future. 

[0007] Therefore, effective utilization of channels for 
high data rate multimedia communications is required 
and a more simple and effective transmission system 
using an asymmetric traffic characteristic is preferred. 
[0008] In recent years, a modulation level control 
adaptive modulation system is proposed. This system 
implements a high transmission rate by adapting modu- 



lation parameters to the conditions of tine transmission 
path under a binding condition ttnat a certain transmis- 
sion quality should be maintained all the time, and if the 
condition of tiie transmission path is poor, reducing tiie 

5 tiBnsmission rate by reducing the modulation tevelsand 
symbol rate, and if the condition of tiie transmission 
path is good, increasing the transmission rate by 
increasing tiie modulation levels and symbol rate. 
[0009] However, such a system requires estima- 

10 tions of tiie symbol rate and the level of modulation, and 
more accurate estimations of ttie condition of tiie trans- 
mission path and modulation scheme. Thus a compli- 
cated system configuration is anticipated. 

75 Disclosure of Invention 

[0010] It is an objective of tiie present invention to 
provide an apparatus and metiiod for radio communica- 
tions capable of effective utilization of channels and 

20 accommodation of asymmetric traffic for high data rate 
multimedia communications. The essence of tiie 
present invention is to prevent unnecessary retransmis- 
sions and alleviate contention of channels by temporar- 
ily delaying transmission of data when tfie condition of 

25 the radio channels is poor and restarting it when tiie 
normal condition of the transmission path Is restored. 
Introducing this method to the uplink or downlink chan- 
nels can solve tiie problem of accommodation of asym- 
metric traffic. 

30 

Brief Description of Drawings 
[0011] 

35 FIG.1 is a diagram showing an outiined configura- 
tion of a conventional radio communication system; 
FIG.2A and FIG.2B are diagrams to explain a sym- 
metric traffic accommodation system in the radio 
communication system using a conventional radio 

40 communication apparatus; 

FIG.3 is a block diagram showing a configuration of 
a radio communication apparatus of the present 
invention; 

F1G.4 is a block diagram showing an internal conf ig- 
45 uration of a channel deterioration detection section 
in tiie radio communication apparatus shown in 
FIG.3; 

FIG.5 is a block diagram showing an internal config- 
uration of the transmission control section in the 

50 radio communication apparatus shown in FIG.3; 

FIG.6 is a diagram showing an outiined configura- 
tion of a radio communication system using a radio 
communication apparatus according to Embodi- 
ment 1 of the present invention; 

55 F1G.7 is a diagram showing an outiined configura- 
tion of a radio communication system using a radio 
communication apparatus according to Embodi- 
ment 2 of tiie present invention (uplink transmission 
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control); and 

FIG.8A and FiG.8B are diagrams to explain an 
asymmetric traffic accommodation system in the 
radio communication system using the radio com- 
munication apparatuses according to Embodiments 
1 and 2 above. 

Best Mode for Candying out the Invention 

[0012] With reference now to the attached' draw- 
ings, the embodiments of the present invention are 
explained in detail below. 

(Embodiment 1) 

[001 3] FIG. 1 is a block diagram showing a configu- 
ration of a radio communication apparatus of the 
present invention. A signal transmitted from the otiier 
end of the radio link is received by reception section 102 
via antenna 101. Reception section 102 performs vari- 
ous kinds of processing such as frequency conversion, 
amplification and A/D conversion on the signal and the 
processed signal Is sent to demodulation section 103. 
Demodulation section 103 carries out predetermined 
demodulation processing on this signal and obtains 
reception data. 

[0014] The output of reception section 102 and/or 
the output of demodulation section 103 are sent to 
channel deterioration detection section 104 where the 
condition of the channel is detected. This detected 
result is sent to transmission control section 106. 
[001 5] On tile otiier hand, transmission data is sent 
to modulation section 105 where tiie transmission data 
is subjected to predetermined modulation processing. 
Transmission confol section 106 controls whether to 
transmit tiie signal or delay the transmission according 
to tiie deterioration condition of tiie channel. The trans- 
mission-controlled signal is sent to transmission section 
107 where the signal is subjected to D/A conversion, 
amplification and frequency conversion, and then trans- 
mitted via antenna 101 . 

[0016] Channel deterioration detection section 104 
comprises channel estimated value calculation section 

1041 and determination section 1042 as shown in 
FIG.4. Estimated value calculation section 1041 meas- 
ures the reception quality of tiie reception signal such 
as tiie reception level, SIR and en'or rate, multi-path 
profile and/or en'or pattern analysis value and calcu- 
lates a channel estimated value based on the measure- 
ment result, 

[0017] This channel estimated value is sent to 
determination section 1042 and determination section 

1042 determines whether tiie channel is deteriorated or 
not. This determination is candied out using a predeter- 
mined tiireshoki, for example. 

[0018] Channel conti^ol section 106 comprises 
delay section 1061 and memory 1062 as shown in 
FIG.5. The modulated signal is directly sent to fransmis- 



sion section 107 or stored in memory 1062 by delay 
section 1061 based on channel Information from chan- 
n^ deterioration detection section 104. 
[0019] More specifically, if the channel condition is 

5 poor, delay section 1061 stores modulated transmission 
data in memory 1062 and if the channel condition is not 
poor (good), delay section 1061 sends the transmission 
data to transmission section 107. When the channel 
condition changes from poor to good, delay section 

10 1061 sends the transmission data stored In memory 
1062 to transmission section 107. The determination 
that the channel condition has changed from poor to 
good can also be made by determination using a 
tiireshold as shown above. 

15 [0020] FIG.6 is a block diagram showing an outlined 
configuration of a radio communication system compris- 
ing a radio communication apparatus according to 
Embodiment 1 of the present invention. In the radio 
communication system shown in FIG.6. information 

20 data input from the base station side is sent from data 
transmission section 205 of the base station using 
downlink channel 206. This information data is received 
by reception section 207 of tiie mobile station, which is 
a communication terminal, and transferred to a data 

25 reception terminal. At the same time, channel deteriora- 
tion detection section 208 of tiie mobile station monitors 
tiie channel condition of the downlink channel and tiie 
information on deterioration of the transmission path or 
feedback signal such as fading detection parameters 

30 are sent to data transmission section 201 as channel 
condition report information. 
[0021 ] On the otiier hand, data entered by the user 
on the mobile station side and a feedback signal includ- 
ing tiie downlink channel condition report information 

35 are sent from data transmission section 201 and 
received by data reception section 203 of tiie base sta- 
tion via uplink channel 202. This feedback signal is sent 
to transmission control section 204. Transmission con- 
trol section 204 controls data transmission section 205 

40 of the base station using tiie following LAUL (Luxury 
Assistance by Up Link) scheme when tiie channel con- 
dition falls Into a valley of fading. 
[0022] The operation of the LAUL scheme is 
explained as follows. This system detects the channel 

45 condition of the uplink/downlink channels from a multi- 
path profile, signal quality such as SIR and power (sig- 
nal level) and error pattern analysis value, and tempo- 
rarily delays data tiansmission of tiie channel while tiie 
channel condition of the downlink/uplink channels is 

50 poor. 

[0023] In this way, the present embodiment seeks 
to improve the transmission efficiency of the system and 
use channels more effectively. This is based on tiie con- 
cept that when the channel condition fails into a valley of 
55 fading, block en'ors may occur consecutively and most 
data transnfiissions would result in retransmissions, and 
tiierefore it would be better to pass over the channel to 
other users. 
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[0024] More specifically, in this system, channel 
deterioration detection section 208 detects the channel 
condition of downlink channel 206. In this case, the 
channel condition is detected using a nuilti-path profile, 
signal quality and/or error pattern analysis value, etc. 
This detected channel condition is sent from transmis- 
sion section 201 as the report intbrnnation in the form of 
a feedt)ack signal together with the user data and 
received by reception section 203 of the base station 
through uplink channel 202. Then, transmission control 
section 204 controls data transmission based on the 
channel condition report information included In the 
received feedback signal. 

[0025] When the channel condition is poor, for 
example, when the channel condition is in a valley of 
fading, this transmission control temporarily stops and 
delays transmission of data other tiian real time infor- 
mation with a requirement of delay such as voice. This 
greatiy prevents unnecessary retransmissions of data 
affected by fading. 

[0026] When transmission control section 204 
receives channel condition report information that the 
channel condition is favorable, transmission control sec- 
tion 204 restarts data transmission. 
[0027] The operations of channel deterioration 
detection section 208 and transmission control section 
204 are as described above. 
[0028] As shown above, since control is performed 
so that channel condition report information is sent 
using a channel witii a small amount of transmission 
and data transmission is avoided when the channel con- 
dition falls into a valley of fading, it is possible to effi- 
cientiy perform data transmission control over a channel 
whose channel condition is to be monitored and carry 
out data transmission only when the channel condition 
is favorable. This is especially useful for asymmeti'ic 
traffic. 

[0029] Therefore, this radio communication system 
provides data transmission control at the occurrence of 
fading and measures for accommodation of asymmetric 
traffic, thus enables effective utilization of channels and 
accomnruxlation of asymmeti^ic traffic in high data rate 
multimedia communications. 
[0030] As shown above, the present embodiment 
allows the transmission efficiency to be improved under 
fading conditions by controlling data transmission 
through a downlink channel using the up link channel 
when the channel condition fails into a valley of fading. 

(Embodiment 2) 

[0031 ] Flg.7 is a block diagram showing an outiined 
configuration of a radio comnrujnication system compris- 
ing a radio communication apparatus according to 
Embodiment 2 of the present invention. In the radio 
communication system shown in FIG,7, data input by 
the user on the mobile station side is sent from data 
transmission section 301 and is received by data recep- 



tion section 303 of the base station through uplink chan- 
nel 302. At the same time, channel deterioration 
detection section 304 of tiie base station monitors the 
channel condition of the uplink channel and the infbrma- 

5 tion on deterioration of the ti^ansmission patii and a 
feedback signal such as fading detection parameters 
are sent to data transmission section 305 as the chan- 
nel condition report information. 
[0032] On the other hand, information data entered 

10 from the base station side and the feedback signal 
including the uplink channel condition report information 
are sent from data transmission section 305 of tiie 
mobile station using downlink channel 306. This infor- 
mation data is received by data reception section 307 of 

15 tiie mobile station, a communication terminal, and 
transferred to a data reception terminal. This feedback 
signal is sent to transmission control section 308. Trans- 
mission control section 308 controls data transmission 
section 301 of tiie mobile station using the aforemen- 

20 tioned LAUL scheme when the channel condition falls 
into a valley of fading. 

[0033] More specifically, in tills system, channel 
deterioration detection section 304 detects the channel 
condition of uplink channel 302. In tiiis case, the chan- 

25 nel condition is detected using a multi-patii profile, sig- 
nal quality and/or enx>r pattern analysis value, etc. This 
detected channel condition is ti'ansmitted from fa'ans- 
mission section 305 as tiie report information together 
witii the user data in the form of a feedback signal and 

30 received by reception section 307 of the mobile station 
using downlink channel 306. Then, data transmission is 
controlled by f ansmission control section 308 based on 
the channel condition report information included in the 
received feedback signal. 

35 [0034] The operations of channel deterioration 
detection section 304 and transmission control section 
308 are as described above. 
[0035] When the channel condition is poor, for 
example, when the channel condition is in a valley of 

40 fading, this transmission control tenporarily stops and 
delays ti^nsmission of data other than real time infor- 
mation witii a requirement of delay such as voice. This 
greatly prevents unnecessary retransmissions of data 
affected by fading. This can alleviate contention of chan- 

45 nels and accommodate asynfvnetric traffic effectively. 
Furthermore, since control is performed so that data 
transmission Is avoided when the channel condition fails 
into a valley of fading, it Is possible to perform data 
ti^nsmission only when the channel condition is favora- 

so ble. 

[0036] Moreover, when transmission control section 
308 receives channel condition report Information that 
the channel condition is favorable, transmission control 
section 308 can restart data transmission. This reduces 
55 data retransmissions and enables efficient data trans- 
mission. 

[0037] As Shown above, since control is performed 
so tiiat channel condition report information is sent 
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using a channel with a small amount of transmission 
and data transmission is avoided when the channel con- 
dition falls into a valley of fading, it is possible to effi- 
ciently perform data transmission control over a channel 
whose channel condition is to be monitored and can-y 5 
out data transmission only when the channel condition 
Is favorable. This Is especially useful for asymmetric 
traffic. 

[0038] Therefore, this radio communication system 
provides data transmission control at the occurrence of 10 
fading and measures for accommodation of asymmetric 
traffic, enables effective utilization of channels and 
accommodation of asymmetric traffic in high data rate 
multimedia communications. 

[0039] As shown above, the present embodiment is 
allows the transmission efficiency to be improved under 
fading conditions by controlling data transmission over 
the upHnK channel using the downlink channel when the 
channel condition falls into a valley of fading. 
[0040] FIG.8 is a diagram to explain the asymmetric 20 
traffic accommodation system in the radio communica- 
tion system comprising the radio communication appa- 
ratus of the present invention. FIG.8A indicates the case 
where the LAUL scheme is introduced to the FDD sys- 
tem and FIG.8B indicates the case where the LAUL 25 
scheme is introduced to the TDD system. 
[0041] For high data rate radio communications, 
asymmetric traffic occurs due to such services as 
accesses to/from servers and Internet, multicast and 
broadcast. It is possible to use the LAUL system in 30 
which we use the uplink channel with light load and con- 
trol the downlink channel with heavy load, thus make it 
possible to sufficiently accommodate the asymmetric 
traffic above. That is, since channel condition report 
information is sent using a channel with light load, it is 35 
possible to efficiently control data transmission in a 
channel whose channel condition is to be monitored. 
[0042] More specifically, as shown in F1G.8A and 
FIG.8B. the FDD system can control downlink channel 
402 with heavy traffic by introducing the LAUL scheme 40 
to uplink channel 401, and the TDD system can control 
the downlink channel by introducing the LAUL scheme 
to the uplink channel 403, that is, by introducing the 
LAUL scheme to uplink slots in frame 404 shown in 
FIG.8B. 45 
[0043] As shown above, introducing the LAUL sys- 
tem to the uplink channel makes it possible to improve 
the transmission efficiency and accommodate asym- 
metric traffic under lading conditions in the FDD system 
or TDD system. It is also possible to introduce the LAUL so 
system to the downlink channel. 
[0044] The present invention is not limited to 
Embodiments 1 and 2 above, but can be implemented 
with various modifications. For example, Embodiments 
1 and 2 above explained the case where the communi- ss 
cation terminal apparatus is a mobile station, but the 
present invention is also applicable to cases where the 
communication terminal apparatus is a communication 
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terminal other than a mobile station. 
[0045] As explained above, the present invention 
controls data transmission when the channel condition 
of either one or both of the uplink channel and downlink 
channel is/are poor, using the channel whose channel 
condition is not poor and notifying the channel condi- 
tion, thus make It possible to Improve the transmission 
efficiency and accommodate asymmetric traffic under a 
fading condition in high data rate radio multimedia com- 
munications. 

This application is based on the Japanese Patent Appli- 
cation N0.HE1 10-184167 filed on June 30, 1998. entire 
content of which is expressly incorporated by reference 
herein. 

Industrial Applicability 

[0046] The present invention is applicable to a base 
station apparatus or a communication terminal appara- 
tus such as mobile station in a digital radio communica- 
tion system. 

Claims 

1 . A radio communication apparatus comprising: 

inspecting means for inspecting the channel 
condition of a first channel that receives data 
from the other station; and 
transmitting means for transmitting channel 
condition report information based on the 
inspection result to said other station through a 
second channel that transmits data to said 
other station. 

2. The radio communication apparatus according to 
claim 1, wherein the transmitting means transmits 
said channel condition report information when 
there is enough capacity for the traffic of the second 
channel. 

3. A radio communication apparatus comprising: 

receiving means for receiving channel condi- 
tion report information from the other station; 
and 

delaying means for temporarily delaying data 
transmission based on said channel condition 
report information. 

4. The radio communication apparatus according to 
claim 3. wherein the delaying means delays data 
transmission upon reception of channel condition 
report information that the channel condition is 
poor. 

5. Tlie radio communication apparatus accading to 
daim 4, wherein tiie delaying means delays trans- 
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mission off data other than data with a considerable 
delay. 

6. The radio communication apparatus according to 
claim 4, wherein the delaying means restarts data 
transmission upon reception of channel condition 
report information that the channel condition is 
favorable. 

7. A communication terminal apparatus having a radio 
communication apparatus, said radio communica- 
tion apparatus comprising: 

inspecting means for Inspecting the channel 
condition of a first channel that receives data 
from the other station; and 
transmitting means for transmitting channel 
condition report information based on the 
inspection result to said other station through a 
second channel that transmits data to said 
other station. 

8. A base station apparatus having a radio communi- 
cation apparatus, said radio communication appa- 
ratus comprising: 

inspecting means for inspecting the channel 
condition of a first channel that receives data 
from the other station; and 
transmitting means for transmitting channel 
condition report information based on the 
inspection result to said other station through a 
second channel that transmits data to said 
other station. 

9. A radio communication method comprising: 

the inspecting step of inspecting the channel 
condition of a first channel that receives data 
from a first radio communication apparatus; 
the transmitting step of transmitting channel 
condition report information based on the 
inspection result to said first radio communica- 
tion apparatus through a second channel that 
transmits data to said first radio communication 
apparatus; 

the receiving step of receiving channel condi- 
tion report information from a second radio 
communication apparatus; and 
the delaying step of temporarily delaying data 
transmission based on said channel condition 
notification information. 

10. The radio communication method according to 
claim 9, wherein the delaying step delays data 
transmission upon reception of channel condition 
report information that the channel condition is 
poor. 



11. The radio communication metiiod according to 
daim 9. wherein when the amount of transmission 
in tiie first channel and that of the second channel 
are asymmetric, the channel condition report Infbr- 
5 mation is transmitted through the channel with the 
smaller amount of transmission. 
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